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GLOBAL REQUIREMENTS

4
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Requirements from Physics:

~

ak

Q High Luminosity > 103 cm-2s-! and higher 2 nucleon/nuclei imaging
O Flexible center of mass energy > wide kinematic reach
Q Electrons (0.8) and protons/light nuclei (0.7) highly polarized
- study spin
0 Wide range of nuclear beams (D to U) = high gluon densities
Q room for a wide acceptance detector with good PID (e/h and =, K, p)
O wide acceptance for protons from elastic reactions and
neutrons from nuclear breakup
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WHAT IS NEEDED TO REALIZE EIC PROGRAM

all need Js,, > 50 GeV
to access x < 10°° where

sea quarks and gluons
&omimﬂe
L = 10 fb-!
L =10 - 100 fb-!

* multi-dimensional binning
2%, Q% z, pr(ort) €

* to reach pr > 1 GeV

* to reach |t| > 1 GeV?

experimental program to address these questions:

- -« inclusive and semi-inclusive DIS

= longitudinal motion of spinning quarks and gluons

azimuthal asymmetries in DIS

adds their transverse momentum dependence

machine & detector requirements

exclusive processes

adds their transverse position
Ly (fo")

A Cint

100

Tomography (p/A)
Transverse Momentum
Distribution and Spatial

Imaging
10 Spin and Flavor Structure of

the Nucleon and Nuclei

QCD at Extreme Parton
Densities - Saturation
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THE MODEL DETECTOR

fully model in Geant
Hcal I =2rrex
Ecal G
RICH TPC

low Q?
tagger
and 5 w aro
luminosity +l- o %°
detector X wo ¥

g RICH +

-3 << 3t e/p
1<|n|<3: in addition Hcal response & y suppression via tracking
Inl>3:  ECal+Hcal response & y suppression via tracking

-4<n<4: Tracking (TPC+GEM+MAPS) MAPS: CMOS Menolithic Active Pixel Sensors
BROOKHRVEN
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Interaction Region
and
ancillary detector systems:

hadron and lepton polarimeters
luminosity detector

low Q? tagger
ZDC and Roman Pot systems

all needed from the beginning

BROOKHRVEN
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REQUIREMENTS FROM PHYSICS ON IR

Summarized at:
https://wiki.bnl.gov/eic/index.php/IR_Design_Requirements

Hadron Beam:
1. the detection of neutrons of nuclear break up in the outgoing ho-"
direction
- location/acceptance of ZDC
2. the detection of the ==~-*-
reaction i=—*

= synchrotron radiation
2. space for low Q? scattered lepton detection
3. space for the luminosity monitor in the outgoing lepton beam direction
4. space for lepton polarimetry
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Brookhaven Science Associates

Hadron Beam:
Requirements for
forward going scattered
protons and neutrons
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15 GeV on 50 GeV
detector acceptance: -4.5<1<4.5

- NN
(=) o (3]
T T TT | T T TT | T T 17T | T T TT | T I T T | T T TT

a

250

L

~ 100 150 200
proton momentum [GeV/c]
This is the kinematics spectrum of protons from exclusive reactions - DVCS
- the physics variable we are interested is t
- Fourier transform of + 2 by spatial coordinate inside proton
= t directly correlated to p, of the proton = t ~ p,?
2 p; = p Sin@
- for physics we need
0.17 GeV < p, < 1.3 GeV &> 0.03 GeV? < t < 1.6 GeV?
=2 Common Assumption:
- Use Romon Pots to detect the protons (LHC, RHIC, HERA, Tevatron)
assume 100 distance of the RP to the core of the beam BROOKHAUEN
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DVCS - 20 GeV x 250 GeV - 10 fb”'
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IMPACT OF REDUCED ACCEPTANCE

Plots from
EIC WP:

Plots with '

reduced -
lower
p;-acceptance: -

Plots with

reduced
high
p;-acceptance:
ek
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eRHIC with 20x250 GeV?
and fL=10fb"!

0.18 < p, (GeV) < 1.3
0.03 < |t]| (GeV?)<« 1.6

eRHIC with 20x250 GeV?
and fL=10fb-!
0.44 < |p,| (GeV) < 1.3

eRHIC with 20x250 GeV?
and fL=10fb-!
0.18 < |p,| (GeV) < 0.8
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IMPACT OF REDUCED LUMINQSITY

10 fbo-! > 1 fb-!
0.18 < |p,| (GeV) < 1.3

20 GeV x 250 GeV - 10fb™

¥ g 2 / ndf 26.75 /26
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dol® +AU— € + AU+ )4t (nb/GeVZ)

Why is Neutron Detection Critical

Measure spatial gluon distribution in nuclei
How: Diffractive vector meson production: e + Au — e' + AU’ + T/, ¢, p
- Momentum transfer t = |pau-pav|? conjugate to br

5 Ldt =10 fo-1/A o coherent - turati - Ty
104%3 f1<02<10 GeV?2 o i(;i:o?lreerr:enttlc‘r'lzas:trjrlaotir:)n 0.1 [ Jhp bNonSat
Fo x <0.01 = coherent - saturation (bSat) - F Ry e Woods-Saxon
- N(edecay)! <4 e incoherent - saturation (bSat) 0.08 -
m e P(egecay) > 1 GeVic o YVE I
103, ott=5% ° 5
F o= o [~
-, g 0.06 —
2 < [~
107 50° O0C000G — =
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o Ue L] (IR [
, o = suppress -
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Reconstruct the eA collision geometry:
for details see L. Zheng, ECA, J-H. Lee arXiv:1407 8055 Eur. Phys. J. A (2014) 50: 189
—— . i »10°
< 2 a2F T T T T s abo% |
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T.

Traditional modeling done in pA: A 2)
Intra-Nuclear Cascade

De-Excitation

# Neutrons \

Ullrich MODELED NUCLEAR BREAKUP

* Particle production RO
* Remnant Nucleus (A, Z, E*, ...)
* ISABEL, INCL4

Excited nucleus
!Evaporation

» Evaporation

e Fission

* Residual Nuclei

« Gemini++, SMM, ABLA (all no ¥y)

Tauon residue

o, B,y decays
s || 10°
¥\ £ *F Au: 50 GeV
C \ 1
ol 225_—9<4er€| J.|I||= o
25F- ® [ I
- 20F I.IIII
201~ lII '
C 15 I 10¢
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- X I
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i3 £ By -|-|---
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Excitation Energy KHEVEN
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TEST DIFFERENT eRHIC-IR

o

8 - ] 7

~ Plan View of IR Layout Roman

Pots
low Q2 tagger Cryostat
(not to scale)

g Detector Cryostat
E‘ © Cryostat| Region |Cryostat "lL
% Cryostat (t:_-bea:; A<H —~

aligne

§ Cryostat \SIQ_E : L"“‘r
‘?‘:i o 1ML Bl R 7 | e ERRE
[a) B8] 10 mrad
g = : nTu DEZ" crossing
s e-
R T"l \\/ Beam\

Te}

g | Hadrons—> Matching +16 mtad bends

s | ) :

5 I I | I I

-40000 -20000 0 20000 40000
Distance from IP (mm)

O expected beam width calculation o, , =

O from table 3.1 in eRHIC design report and
the attached figure of the beta function

> B, = 2014m (at z=18m)

> B, = 3465m (at z=18m)

> ¢ (normalized) = 0.2e"°m

» vy = 270 (for 250 GeV protons)
100, =12 cm

100, = 1.6 cm

Brookhaven SZience Associates
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Linac Ring
most complete one
as both e + p side
are designed.

DESIENS IN FULL GEANT SIMULATIONS

va.1
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GEANT SIMULATIONS OF DIFFERENT IR-DESIGNS

Linac-Rin e _Di
va.1 gv3.o Ring-Ring

most complete only p outgoing

eRHIC R&D Review April 2016 chenauer



acc

ACCEPTANCE FOR FORWARD GQINE PROTONS

Ring-Ring and Linac-Ring Comparison 20 GeV x 250 GeV:

o
— o | ) . .
T lf — linac-ring v3.0 S lf — linac-ring v3.0
_ - — linac-ring v2.1
o —— ring-rin 0.8
i 'ng-nng B — ring-ring
06— 0.6—
nar 0.4—
0.2_— 0.2—
O_- Jl l PRI BT R l PRI By 1 l 1 P P TR AT T TR 00 - J'0|2I 1 10[41 1 |0|61 Il 10181 i N % 1 .1 5. ,1l4, N l1[6l N '118' A 2
0 02 04 0.6 0.8 1 1.2 1.4 16 1.8 2 : : : : , \ | }
P, [GeVic] p, [GeVic]

% linac-ring v3.0 has a nice acceptance for forward going protons
and neutrons

Brookhaven Science Associates NATIONAL LABORATORY
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Low Q? tagger
Luminosity Detector

Brookhaven Science Associates NATIONAL LABORATORY
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LOW Q2-TAGGER

3.142 - |
: powvormcaylio]  OF i
3.141F : . e
~ 314F 3 2 \
@ g 10 - \l\"'“’\ m lepton beam energy
& 3.139F a4l I "w 102
o : T s
£ 3.138F 10 n J M.lem
* 3.137F R | Scattered lepton
g ol oF o more and more
3.136 F C i
: E !\II\ \}\I\ 20 GeV on 250 GeV! at -7
3.135°C s —1 10 1
10° 10° 10* 10° 102 10" 1 1010*1040*10210" 1 1010?10°

Q? (GeV?)
- main detector: -4.5 < n < 4.5
2> n <-4.5 : scattered lepton needs to be detected in dedicated low-Q? tagger
- kinematic coverage in Q?-x-n critical for physics
-2 low Q2 physics:
= (un)polarised photon structure
= constrain internal radiative correction

2

Calorimeter with tracking planes pythia event

S
L
B104L With electron
O

|T@| Lol -
CR,

_ reconstructed
C in the tagger 1
" for IR v2.1 I10
10° =
179

Brookhaven Science Associates
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REQUIREMENTS: POLARIZATION %}W

Need high beam polarization = statistical uncertainty of spin asymmetries 6ALL ~
= electron beam polarization: 0.8 hadron beam polarization: 0.7 Pe Pp / Lint

Dominant systematics for double spin asymmetries:
Luminosity Measurement > Relative Luminosity

1 N+ ——RN+/—+ L _ L —
Ay = PP, [ N+ — L RN+ | with .R e

relative
luminosity

- R needs to be controlled better then A, ~10-4 at low x > RHIC: 2.-4.x10-* @ 500 GeV
= need to run many different spin patterns to balance L**, L--, L*-, L-*

- reduce any time dependences

= RHIC is a perfect example: every bunch can have a different spin orientation

Spin patterns combinations of:

1: +-tcctatt-+- 2 ~tettotoctat K HIE X TR P X 4: -ttt t--++

- flexible spin orientation bunch-by-bunch for both lepton and hadron beam

Need also an excellent Luminosity measurement
- coupling of polarization and luminosity measurement

— v
GBrems. - Go (1 + aI)ePp)
- Need overall systematics ¢ 2%
arXiv: 1206.6014

DSSV+

EIC only stat. err. i
= = EIC 2% sys. err. ’:' !

/

————— EIC 5% sys.err. [ | f

Brookhaven Science Associates 02 0.1 0 0.1 02 ATIONAL LABORATORY
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LUMINOSITY MEASUREMENT
Concept:

Use Bremsstrahlung ep - epy as reference cross section

> different methods:
o Bethe Heitler, QED Compton, Pair Production

> Hera: reached 1-2% systematic uncertainty
Goals for Luminosity Measurement:
0 Integrated luminosity with precision 3L/L< 1%
O Measurement of relative luminosity: physics-asymmetry/10 > ~10-4- 10-5
EIC challenges:

> with 1033 cm-2s-! one gets on average
23 bremsstrahlungs photons/bunch for proton beam
> A-beam Z?-dependence
> this will challenge single photon measurement under 0°

se® zero degree photon calorimeter
high rate
> measured energy proportional to # photons

. \ \o@('
v hi N
overter Dipole Magnet O I
y > subject to synchrotron radiation
ST - < additional pair spectrometer

low rate
> The calorimeters are outside of the
primary synchrotron radiation fan
> The spectrometer geometry
- low energy cutoff in the photon spectrum,
- depends on dipole field and calorimeter
transverse location BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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LUMINOSITY MONITOR STUDY

[ The expected angular distribution of Bremsstrahlung photons

. . C) e
> Bethe-Heitler calculation % ' . 20
d@y ((me/Ee )2 + @5) 515; — Bethe-Heitler
> typical angle emission less than 0.03 mrad b e
. . . o . . 8,10
though there is a fairly long tail to the distribution
-~ what is the beam divergence contribution 85
0.1 mrad for 20 GeV x 250 GeV SRR v 1
00 0.02 0.04 0 0.06 0.08 0.1
0y = angular beam divergence v
o. = € ¢ = (normalized) emittance . . .
o~ 5 Y = lorentz factor considering the added effect if the IP
7 p* = beam optics parameter at IP moves a bit and is off center
angular beam divergence vs beam energy £ 00 _103
0.8 8 C ——0Ocm Xand Y
0'7;_ « ep collisions o —— fem X and Y
0.6~ B
o 60—
?0.5:— = eAu collisions C
E04F s~
Sosr -
E 20—
0.2 ¢ . . C
0.15— ° . e 5016 0014 075 001 5.006 0,006 0,002 -0.(IJO§ .
EI...I...In:.l...l..|l.||l...l...lu..ll . N fra]
e g etumtae] 2 2 both curves include crossing angle and angular
beam divergence and a flat z vertex spread of +/- 2.5cm
Large contribution: = black has all events at (0,0) (x,y) vertex
critical to be considered in the design = red has events with (x,y) vertex distributed
flat with +/- 0.5 ecm
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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Hadron and Electron
Polarimeters

Brookhaven Science Associates NATIONAL LABORATORY
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EIC HADRON POLARIMETRY

Polarized hydrogen Jet Polarimeter (HJet)
Source of absolute polarization (normalization for other polarimeter-s)

Cr-mcal to define spin direction at experiments
- can use the concept of pC
- asymmetry vanishes for longitudinal polarisation

Brookhaven Science Associates NATIONAL LABORATORY
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ELECTRON POLARIMETER
Aexp = I)el)yAg O Method: Compton backscattering
longitudinal polarization > Energy asymmetry

[ cable shaft (no. 150)

box #1

Pockels cdl—\ &__ \ window
: )—@ O

— Dot transverse polarization = Energy dependent position asym.
- segmented Calorimeter 2 to measure both components
mir N 47.2\‘m QY | mirror M 4
® 572 nm pulsed laser o A =r e doulet (arible :ss:w

® laser transport system
® laser light polarization
measured continuously

OR 52 HERA entrance window—\
6,3m

mirror M 5/6 o " HERA LPOl:
_ R.I achieved systematic uncertainty 1.4%

int
HERA exit window

Mare Beckmann
- HERMES -
Last modification: 10-Jul-97

light analyzer box #2 HERA tunnel, section East right (OR)

Considerations:
O Measure Polarization as close to IP as possible
- location should have bremsstrahlungs and synchrotron radiation contamination minimized
QO Polarimeter needs to measure both longitudinal and transverse component
= important for systematics
QO Polarimeter technology needs to allow to have precise polarisation measurements
as function of all depolarizing effects,
- feedback to collider S
= requires to integrate electron polarimeter fully into machine lattice °S,

(ZBU.'?I )
Amr
scattered : —& 04 Q5
electron —
P detection

Ql

Brookhaven Science Associates backzc?ttered
] photon -
eRH: detection < FFAG lines




SUMMARY

O Requirements for detector and IR clearly defined and documented
in different documents and actively maintained web-pages

0 W

au.
Polarization

Bunch spin orientation

scattered neutron acc.

scattered proton acc.

Machine free region

Luminosity

Luminosity monitor acc.

Relative Luminosity

wide kinematic range

wide range of nuclei

Brookhaven Science Associates
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N ' in and
Hadron Lepton ry
0.7 0.8
flexible from bunch to = flexible from bunch to
bunch bunch
+/- 4 mrad
+/- 5 mrad @ 250 GeV
0.18 < p, (GeV) < 1.3
+/- 45 m for detector
> 1033 cm2s!
+/- 1-2 mrad
6L/L < 10/0
L*/--/L*/+ ~ 10-% to0 105
Js: 45 (30) to 140 GeV
p to Uranium ARVEN

NATIONAL LABORATORY
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BACKUP
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EXPERIMENTAL IMPACT SUMMARY FOR DIPOLE-IR

Q A standard DIS detector design is impossible with scenario 3, the impacts on realizing the
physics program described in [2].

Q The DID design impacts the possible technology choices for the main tracker and the
particle ID. To have not all technologies available increases the risk of the detector to
reach the performance needed for the physics program. As example not having PID at
small momenta is exactly the kinematic regime where saturation is studied. In general
compromising on PID impacts all SIDIS measurements planned for ep and eA physics at an
EIC. To not have the possibility to have a TPC as central tracker will significantly
compromise the material budget in the detector as any other solution providing comparable
momentum resolutions will have more material. More material will automatically lead to a
worse scattered lepton reconstruction and therefore the event kinematics.

Q The large size of the synchrotron radiation fan through the detector does impact how
close the py-vertex tracker can go to the IR. The coverage will be asymmetric, as the fan
has different dimensions iny than x.

Q All low Q2 (Q2 < 0.1 GeV2) physics will become impossible having no low Q2 tagger. It is
absolutely critical to make sure the synchrotron radiation does not prevent a luminosity
measurement with < 1% systematic uncertainty.

For Details see:
https://www.dropbox.com/s/q70yjruetsxxchc/SepDipoleWriteup.v5.pdf2di=0

Brookhaven Science Associates NATIONAL LABORATORY
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LINAC-RINE LAYOUT

v2.1 v3.0

Plot Aligned with Hadron Beam Direction

|

1 |
. I I ’
cone | P =

A

100 200 300
|

. -

-100
1

- N B B B _B /[ B B

Horizontal Displacement (mm)
(o]
l
1

-300
|

| | | | | |
e from IP (mm) 0 5000 10000 15000 20000 ~ 25000 30000

Distance from [P (mm)

BROOKHRVEN
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RING- RINGDESIGN

1
4 mrad neutrons I main crab cavity
10 sigma protons -+~ I * location

15 sigma electrons ——

041 magnets - P

O Design by Christoph Montag

O One notable difference is 0l

that the hadron magnets are

pushed back much farther

from the IP (at ~15m

compar'ed to ~5m in linac- £
r'ing) 00 b e

QO Also beta function is much S——
smaller in the location of the o

roman pots for this design 04} "

O Robert Palmer working on 60
alternative design

Hadron .

o|  doublet e N\ -~ Roman Pot]
l\leutron location

. ppone

x [m]

60

B, [m]

s
F=)
S
S

3500

3000

2500

2000

@
E=3
S

o
S
S

JEN

ATORY

o
S
S
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LARGE RAPIDITY 6AP METHOD

Q Identify Most Forward Going Particle (MFP)

: 04 /04 = 90:10
> Works at HERA but at higher /s dis” —diff
» EIC smaller beam rapidities 1 _pgmenene
Mmax > -6
L eop RAPGAP
Other particles (if any) L - . wans 2900 GaV « Purty
R34 ves 50900 GOV - Purty
08 1 wee 104100 GoV - Purty
An r :-4\ e 200100 GV - Purlty
sy | — 1 o
1 8 3 — 5 100 GoV - I Bcloncy
~ DetectorAcceptance — 100100 G
- T —> 06~ —7:4:::“:-:::
ngg:-)m 0 ngeam [ — 00 100 Gar¥ - By
p/A direction e direction " 1
Diffractive p° production at EIC: ol i
n of MFP “
e+p: RAPGAP: MFP in Event | tii
— 2+100 GeV - DIS .
B 4
0.1F ——— 20+100 GeV - DIS 0.2- {
' ——— 30+100 GeV - DIS |
-------- 2+100 GeV - Diff .
5+100 GeV - Diff r :'_:
oost || T 201100 GV - D - A3
-------- 30+100Gev_D|ﬁ olllhlﬂ\ll LAl All LAl Al Ll All LAl Al Al 1l Ll 1l Al A1l Al 1l
DIS -5 -45 -4 35 -3 -25 -2 -15 1 -05 0
0.06 rapidity
Hermeticity requirement:
0.04f Diffracti * needs just detector to be present 2 -4 < n < 2
[ JitTractive * does not need momentum or PID
0osl * simulations: no show stopper for EIC /s
! [ (can achieve <10% contamination, 90% efficiency)
0 _ *’"1 Ll l Ll | 1l.'l‘--J 'L 'r-l-v'J-'-"-'.l‘-L Ll L Jol L BHOOK“A"E“
8 6 -4 -2 0 2 4 6 8 NATIONAL LABORATORY
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STAR RPs IN RHIC

— at 55-58m
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STAR RPs IN RHIC
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RHIC HADRON POLARISATION

Account for
beam polarization decay through fill > P(t)=Poexp(-t/,)

e , . pCarbon
growth of beam polarization profile R through fill polarimeter
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sohep=phi1206.6014 (M.Stratmann, R. Sessot, ECA)
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9," THE WAY TO FIND THE SPIN
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ACT TIC T,
IMPACT ON CORRELATED SYSTEMQ’ P*Mu%
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